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A FOUNDATION CHART FOR HISTORICAL TOWN RESTORING
Filippo Ciuffi
President of intraVidére Research Institute
Rome – Potenza [Italy]

ABSTRACT
A Thematic Area called “Geotechnics and Foundation Analyses” is an important stage of a large, interdisciplinary research activity,
carried out on the subsoil of a historical site, in a seismic area, in Italy: the old town of Potenza, capital of the Basilicata Region.
Within the said Thematic Area, the design and the construction of a “Foundation Map of a Historical Town” have been performed.
The present paper summarizes the basic methodology, the most interesting procedures and the different stages developed for
constructing the said map. Described is also the very exceptional effort, made by the Research-team. Foundation and geotechnical
parameters of each building of the historical town have been searched, collected and studied, one by one. A parallel search has been
developed to analyze the restoration activities implemented after the 1980 earthquake. More than 1.200 structure restoration projects,
designed by engineers in eight years [1982 – 1990], have been examined. Nearly 250 buildings have been selected.
All data collected and analyzed have been further processed to be merged into a designed “Foundation Matrix”, very useful for
correlating together, for each single building, the original foundation with the foundation project designed for restoration.

INTRODUCTION
Potenza, the capital of the Basilicata Region, is to the south of
Rome [nearly 300 km], in a seismic area [Fig. 1]. In the past,
this Region was greatly damaged by a number of earthquakes.
Also the very strong earthquake of 23rd November 1980 [M =
6.9] caused great disasters: many structures collapsed killing
more than 4.000 people, within the entire area.
The city of Potenza is located on different hills: the historical
town is on a hilly ridge [823 m. above s.l.], long and narrow.
This part of the city was the most damaged by the 1980
earthquake. For this reason, the historical town was
uninhabited for years.
In order to plan its restoration and new development, the City
Council organized two scientific teams, called to participate in
the decision process: the first, of town planners; the second
one, called geotechnical team, focused on the subsoil
conditions and characteristics. The strategic objective of the
geotechnical team is summarized as follows: to know, in
detail, the different aspects of the subsoil conditions within
the historical town, in order to organize a geotechnical
integrated system, a quantified tool, useful for town
planners and for further engineering and design activities.
For this purposes, two main lines have been fixed:
[i]
“Reconstruct the morphological history” of the hill
and Analyze the different changes occurred within the subsoil.

Fig. 1. Location of the Potenza urban area

[ii]
Study the details of the subsoil features, by
geomorphological, hydrogeological and geotechnical point of
view.
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OUTLINE OF THE ENTIRE RESEARCH WORK

Overview of the Research Activities
To plan the work programme, the geotechnical team has
proposed an innovative, interdisciplinary system, in which the
following seven main Thematic Areas have been selected:
HISTORICAL RESEARCH
REMOTE SENSING INTEGRATED ANALYSES
GEOMORPHOLOGY
GEOLITHOLOGY
INVESTIGATION PROGRAM
HYDROGEOLOGY
GEOTECHNICS AND FOUNDATION ANALYSES
The entire Research-work has been designed and implemented
within a total period of about 3 years: three different,
discontinuous principal phases [planned on the demands of the
City Council (connected with the complex reconstruction
activities) and the technical needs of the town planners],
between May 1989 and March 1994.
The focus of the present paper is the construction of the
“Foundation Map of the Historical Town”, an original town
planning tool, developed within the Thematic Area named
“Geotechnics and Foundation Analyses”.

The Research General Flow-Chart
For a better understanding of the activities described in the
present paper, the reading of the general flow-chart [Fig. 3] is
recommended. In fact, this document is an essential compass
within the entire Research-work. It shows the whole logic
architecture, including the different stages, the synergies and
the links among the technical fields of the said Thematic
Areas.
In order to organize a prompt, global vision for the reader, the
activities and/or the documents are easy recognized by means
of a specific color, each identifying the corresponding
Thematic Area.
It should be noted that he results of the entire Research-work
have been edited in fifty documents. A synthesis of the
interdisciplinary activities implemented is discussed in the
paper titled “ENVIRONMENTAL
GEOTECHNICS TO
STUDY A HISTORICAL TOWN RESTORING”. The paper is
printed in the proceedings of the present Conference.

In this connection, it is important to summarize the four
possible “geotechnical models” characterizing the subsoil of
the historical town. The said models have been obtained,
processing a number of results included in the document called
“3-D Geotechnical Zoning Map”, mentioned also in the
“Research General Flow-Chart”.
It should be noted that the terms used to identify the four
“geotechnical classes” [a, b, c, d] are a “quality” indication
of quantified and numerical parameters, as could be seen in the
mentioned paper summarizing the interdisciplinary activities.
The geolithologic levels can be summarized as follows:
Ab1

= Weathering Covers [> 5.00 m] above the Sandy-Gravely

complex B;
Ab2

= Weathering Covers [< 5.00 m] above the Sandy-Gravely

complex B;
AC1
AC2

= Weathering Covers [> 5.00 m] above the Silty complex C1--C2;
= Weathering Covers [< 5.00 m] above the Silty complex C1--C2.
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SOILS ABOVE THE BASE OF THE FOOTINGS
The shallow subsoil layers play an important role in the soil
structure interaction problems, within the historical town. In
fact, the buildings had been made, mostly, on shallow footings
and the shallow subsoil layers support the footings of the
superstructures.
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Fig. 3. Research General FLOW-CHART
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FOUNDATIONS WITHIN THE HISTORICAL TOWN

The Fabric of the Town and the Earthquake of 23
1980

rd

November

The historical town of Potenza is located on a hilly ridge, long
and narrow, oriented on a N.E. – S.W. axis, as already
mentioned. The top of the hill is roughly flat [with a very
slight slope] and has a mean altitude of about 800 m. above
s. l. The highest area is placed around the Cathedral [N.E.] at a
maximum altitude of 823 m. above s. l. [Fig. 5].
The fabric of the city is characterized by the main street, “via
Pretoria”, oriented on a N.E. – S.W. axis, long and straight,
with several perpendicular lanes .
“Via Pretoria is the central axis of the hill, extended between
the Tower of the old Castle [eastern part] and the western gate
[“Portasalza”, today not existing]. The walls of the historical
town are still visible, [including also two towers], in a number
of zones, together with three of the four main gates [Fig. 6].
The buildings are mostly ancient masonry structures. Also
present are a very limited number of reinforced concrete
buildings.
At 19.34 hours on Sunday 23 November 1980, a very strong
earthquake [M = 6.9] shook a large part of the Campania and
Basilicata Regions, for about 70 seconds. The earthquake
caused great disasters [250.000 homeless] in a 25.000 square
kilometre area: many structures collapsed killing more than
4.000 people, including the people missing and the injured
persons [physically and/or psychologically] who died in the
subsequent years.
It has been mentioned that, within the Potenza urban area, the
historical town was the most damaged part of the city by the
earthquake of 23rd November 1980: the famous Cathedral (IVth
century) and other churches [mostly, medieval structures], the
Tower of the old Castle, all the other monuments and a very
large part of the buildings suffered very heavy damages.
In this connection, it is very important to notice that, at the
time of the 1980 earthquake, the urban area of Potenza was not
still classified “seismic area”, by the “legal and prescriptive”
[Seismic Regulations] point of view. For this reason, all the
architectural and civil engineering activities [for restoring
monuments, adding storeys to old buildings, constructing new
buildings, etc.] implemented before the 1980 earthquake had
been executed without any seismic design. Thus, the structure
calculations had been carried out only for vertical loads,
without taking into account any horizontal load.
Therefore, to complete the information about this item, it is
also appropriate to stress that, in most cases, a large factor of
safety had been adopted, in designing and calculating
activities. This technical behaviour played a basic role during
the earthquake. In fact, it can be asserted that thanks to the
large factor of safety traditionally used, it was possible to
avoid, in many cases, the total collapse of the superstructure.

The Activities for Buildings Restoring
After the earthquake of 23rd November 1980, the urban area of
Potenza was classified “seismic area” and included in a so
called “second seismic zone”, characterized by a design
seismic coefficient ao = 0,07. It is opportune to remind that the
horizontal acceleration is the seismic coefficient multiplied by
the acceleration caused by gravity [g].
The restoration activity of the superstructures was divided into
two phases. The first one, named “emergency phase”, was
focused to restore, as soon as possible, the low damages,
useful for allowing the people to return home. The second
one, named “reconstruction phase”, had the objective to
restore the heavy damages or rebuild the single superstructures
and to reconstruct the fabric of the town, planning its recovery.
Unfortunately, the first phase, within the historical town, was
very limited, because most superstructures had suffered very
heavy damages, including also many partial collapses. For this
reason, the historical town was uninhabited for years, as
already mentioned: many inhabitants lived in prefabricated
houses, made, on purpose, very quickly, in an area around the
city.
The Italian Parliament issued a “special Law” [1981] and the
“reconstruction phase” started, beginning from the restoration
of the single, public and private buildings.
Within a period of about eight years, the restorations of most
superstructures of the historical town were designed.
An “aseismic cheeking” was required for each building
studied, in order to design restoration works, realizing an
“earthquake-resistant structure”.
Pseudo-static and/or
dynamic analyses were carried out.
It should be noted that, in these activities, the most significant
problems were connected with the idealization of the
structures, mostly for the foundations.
In fact, for a more realistic picture, it should be stated in
advance that in a large number of cases, regarding in particular
old buildings, the foundation scheme was very complex and
could not be simply idealized.
Hence, in the major problems occurred during the earthquake,
the governing factor was the soil-structure interaction and not
the bearing capacity.
A typical situation, showing different levels of footings, is
sketched in the next figure.

Ab
B

Fig. 4. Typical Soil-Footings Idealization within the
Historical Town
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Fig. 5. Potenza Aerial Artistic View
by Aldo La Capra
The N.E. – S.W. axis of the Historical Town is Viewed and “Enhanced”

Cathedral

Tower of the Castle
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W

E

Fig. 6. 1980 Potenza Aerial Photo - Twelve Days after the Great Earthquake
Existing Gates
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OUTLINE OF THE METHODOLOGY ADOPTED FOR
CONSTRUCTING “THE FOUNDATION CHART”
Integrated analyses have been implemented, processing the
data “before” and “after” earthquake. The results of the said
analyses have been grouped and converted into a specific
grid, to be classified, on the basis of matrix calculation.
The main steps can be summarized in the following points.
[i]
The historical town has been divided into a
convenient number of sub-areas, selecting single buildings and
block-houses.
[ii]
More than 1.200 structure restoration projects,
designed by engineers in eight years (1982 – 1990), have been
analyzed. All the geotechnical data have been collected and
grouped. Subsequently, only the projects including buildings
located within the area studied in detail have been selected.
Thus, nearly 250 projects have been analyzed in detail,
corresponding to 188 buildings. In fact, in a number of cases,
two different projects [the basic project and its following
“modification”] have been designed [in different periods] for
the same building.
[iii]
In addition, a parallel study has been developed,
selecting the buildings non included [at that time] in the list of
the restoration projects. A very laborious search has been
carried out to discover the original foundation scheme of each
single building selected. In fact, no official calculation existed
for the buildings constructed before the 1971 [at that year, a
national law obliged the builders to “deposit” a copy of each
calculation (for the reinforced-concrete structures) in devoted
public offices]. Hence, for each building, archive researches
have been implemented. Performed, for the oldest buildings,
have been the selection and processing of historic documents
on Foundation Works of superstructures. Particular attention
has been given to the restoration and reconstruction works
following the different, past earthquakes. For the more recent
buildings, useful has been the architectural documentation
regarding the “planning permission”. In a number of cases, it
has been necessary to identify the designers and/or the
builders to ask them their personal technical documentation.
All the processed data have been analyzed and the buildings
have been divided into the following classes:
(S)
=
Shallow Foundations.
(P)
=
Deep Foundations.
[iv]
The seismic analysis, calculated for the structure
restoration projects (above mentioned), has been studied for
each building selected. It is opportune to remind that the
designers, in aseismic cheeking, have developed mostly
pseudostatic analyses, assuming the horizontal acceleration
equal to 0.07 [g]. Particular attention has been given to soil
“structure interaction” conditions. The following five classes
have been selected, on the basis of the results regarding the
foundation restoration:
(A)
=
No Restoration Work.
(B)
=
Shallow Restoration Works (for example,
shallow underpinning).
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(C)
=
Deep Restoration Works (for example,
micropiles).
(rB)
=
Foundations Reconstruction (also regarding
only a part of a building). Within the reconstructing activities,
shallow foundations have been designed.
(rC)
=
Foundations Reconstruction. Within the
reconstructing activities, pile foundations have been designed.
[v]
All the data processed, as above summarized, have
been reviewed and normalized. The results have been grouped
and merged all together into a designed “foundation matrix”,
to be further processed, on the basis of a devoted matrix
calculation.
Each building has been assigned to one of the ten “topclasses” obtained from suitable combinations of the classes
above defined.
The exact description of the said ten “top-classes”, together
with the designed “foundation matrix”, are shown in the next
pages [Fig. 8].
[vi]
Finally, based upon the results above obtained for
each building, the “Foundation Map of the Historical Town”
has been drawn [Fig. 9].
In order to give a complete and quantified overview of the
analytical values characterizing the classes drawn in the chart,
the numerical results have been further processed to develop a
statistical analysis. This allows the reader to see immediately
the incidence of each single restoration class, within the
historical town.
The following figure summarizes graphically the final results
of the said statistical analyses.
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Fig. 7. Incidence of the “Restoration Classes”
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CONCLUSIONS
It may appropriate to underline the following final
considerations.
[i]
The “Foundation Map of the Historical Town” is an
innovative tool interesting for town planners but very useful
for seismic and civil engineering practical activities.
It is a very detailed document which summarizes graphically,
in one page, the “ Foundation History” of each building
within the Historical Town.
[ii]
The “Foundation Map of the Historical Town”
represents a basic instrument for generating the “3-D
Foundation Vulnerability Map”, which is the most advanced
effort of synthesis within the entire Research-work. An initial
stage is also shown in the last figure [Fig. 10], in which it is
possible to see the superposition between two of the four
zones of the “3-D Geotechnical Zoning Map” and the
“Foundation Map of the Historical Town”. It is very
interesting to note that the said “geotechnical zones” [see pag.
2] classified “c” [Average Mechanical Characteristics:
“Mediocre”] and “d” [Average Mechanical Characteristics:
“Poor”] are in a very good accordance with the areas of the
“Foundation Map of the Historical Town” in which are
prevalent the classes named “rB” [Foundations reconstruction,
designing shallow footings] and “C” [Deep restoration works
(mostly, micropiles)]” and indicating the most important
foundation activities designed.
[iii]
In order to optimize the great “knowledge asset” of
the “Foundation Map of the Historical Town” , it is necessary
to update the document periodically.
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Fig. 8. Processed Classes of the “Foundation Matrix”
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Fig. 9. FOUNATION MAP of the HISTORICAL TOWN

Paper No. 1.82

9

Fig. 10. Superposition between “c” and “d” zones of “3-D Geotechnical Zoning Map” and
“Foundatin Map of the Historical Town”
[First Stage for processing “3-D FoundationVulnerability Map”]
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